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D •ertptlon 

Thepresentinven.tonrelatostoaroma.icpolysulphoneswhich^eus lul particularly, but not exclusfcely. as mera- 

n ^SZZ membrane are kXn to have good chemical stability (particular* to extremes of PH ^nd to chlo- 
rina^ S vSe^) and to be usabie in reverse osmosis and nanofiKration. Examples of su^honated porymers wh.ch 
naveleenl led in he past to produce such membranes are shown below as Porymers A.B, and C. 
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Polvmer A 
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Polvmer D 
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1 jpy'xX 



SO,H 



O p 



Polvmer C 



Polymer C has particular advantages in that (i) the presence of the biphenyl linkage in place of an .sopropyhdene 
or ether linkage provides a material Attn significant improved thermo-mechanical and chemical stability, (li) the pre- 
cursor (i.e. non-sulphonated) polymer is readily synthesised at high molecular weight, and (iii) sulphonation of this 
material to give Polymer C proceedsjrapidly and cleanly at room temperature. 

However, using polymers ol typi C, it has not proved possible to fabricate reverse osmosis membranes with an 
industrially viable combination of sa? rejection and water flux. We have found for example that although composite 
membranes with good fluxes can be readily obtained from polymers ol type C. It is difficult to obtain adequate salt 

^UuTtheretore an object of the present invention to provide sulphonated aromatic polysulphones. and membranes 
fabricated therefrom, which obviate or mitigate the abovementioned disadvantages. 

According to a first aspect of theipresent invention there is provided an aromatic polyethersulphone incorporating 
the following sub-unit I. 
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where A is an electron withdrawing group, th designation To,p' represents that the bond is at the ortho or para position 

t the A group, and X is s lected from; 

-OH; 



-0-fM n *)i/n 
-NB t R2 



-OR 



wh re M is an organic or inorganic cation (other than hydrogen) and n is at least 1 ; 

where R, and R 2 ar the same or different and are selected from hydrogen, and alkyl. aryl. ami- 

noalkylene or ammonioalkylene groups; and 

where R 3 is an alkyl or aryl group; 



io either as the only sub-units of the polymer or in combination with comonomer units. 

In the above formula. A is preferably a carbonyl linkage (-CO-) or, more preferably, a sulphonyl linkage <-SO2rJ.lt 
X is -CXM^m then the cation may have a valency of one or more, if the valency is greater than 1 then rt will be 
appreciated that the <r moiety is associated with a fraction 1/n of the cation. M may for example be an alkali metal, 
alkaline earth metal, or a higher valency metal ion, eg AfK Preferably M is sodium or potassium. 
,5 If X te-NR.Ra then at least one of R, and R 2 is preterably other than hydrogen. If R, and/or Ra is alkyl rt preferably 

has less than 4 carbon atoms. A suitable example of an aminoalkylene group for R, and R 2 is -<CH 8 WNH a where m 
is less than 4 preferably 2. Correspondingly a suitable ammonioalkylene group Is -(CH 2 ) m -N*R 4 R 5 R 6 where R 4 . R s 
and Rfi are independently hydrogen, alkyl or aryl. It X is -ORa and R 3 is alkyl it preferably has less than 4 carbon atoms. 
Polymers in accordance with the invention are hydrophiiic by virtue of the presence of the -SCfeX groups and are 
20 eminently suitable for use as membranes in filtration operations effected In an aqueous environment. 

Therefore according to a second aspect of the invention there is provided a porous or non-porous membrane 
comprising an aromatic polyethersulphone incorporating the sub-unit (I) defined above either alone or in combination 

with comonomer units. ~ [ 

Membranes In accordance with the second aspect of the invention may tor example be asymmetric membranes, 
25 composite membranes or dense films and may be used in a variety of separation processes including reverse osmosis, 
electrodialysis, nanofiltration. ultrafiltration, microfiltration, gas separation, pervaporation, haemodialysis and haemo- 

'^Aparticularly preferred form of membrane in accordance with the invention is a composite membrane comprising 
a thin film of the polymer supported onan ultrafiltration membrane. Such composite membranes are particularly suitable 
30 as reverse osmosis membranes since they have been surprisingly found not to suffer the problem of poor reverse 
osmosis performance associated with polymer C (see above). 

The sub-unit (I) In the polymers of the invention Is preterably of the formula (II). 



35 



40 




SO,H 



(ID 



The polymers of the invention may comprise only units (I) (or (II)) or may incorporate comonomer units, eg of the 
45 formula (III) or (IV). 
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The comonomer unit (if present) )s most preferably of the formula (VI). 
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(VI) 



40 



„ comonomer unhs are incorporated in the polymer then sub-units (.) may ™" P""*** * 

n0% eg at least 25%, by mole of the MbI number of monomer units pr^lta polymer. 
Preferred copolymers in accordance with the invention are of the formula (VII) 



45 



SO 



55 




SO,K 



n L J m 



(VII) 



^pSiTitiEte KMTSW » ,o ,00,00. 5000 to 

50 oS t5EJ£ of meUmeUs as measured a. a concentration o( 1 % in N^ethylpyrrol.done at 25'C 

Wi " 1 S^JX^Z^^^ *>< which X - -OH (i.e. the Aphonic acid powers, may be ejected by 

(a) polycondensing a monomer containing an anion as represented by formula (VIM) 
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y(qp) 



(VIII) 



where A is an electron withdrawing linkage and Y Is a leaving group, preferably selected from hatogenffi^ 
MM > o in combination with at least one comonomer which is condensable therewith anc wh.ch gives a 
slVnS non-su.phonatable corner unK, said polycondensation or ^condensation be,ng eflected In 
a solvent for the monomer; and 
(b) sulphonating the resultant polymer. 

in one embodiment of this process the anion of formula (VIII) is generated in situ during the polycondensation or 
1$ copolycondensation from a monomerof formula (Villa) 



20 



HO 




o"x> 



y{o.p) (Villa) 



25 



where A and Y are as defined above, jthe polycondensation being effected in the presence ol a base. A stoichiometric 
a^ounroMhe base is preferab^ used. The base may for example be an alkali metal carbonate or an alkali metal 

""twin* £^E£*n4 powers in accordance wKh the Mention, i.e. those incorponaUnj .submit (.., 
in which X = -OH. may be prepared by polycondensation or copolycondensation ol a monomer of formula (IX) 



40 



45 




fix; 



Compound IX in which Y = CI may be named as 4-(4K ! hlorophenylsulphonyl)-4 1 -hydroxydiphenyl and can be syn- 
thesised by the procedure described! in Polvmer 1 977, Vol 18, April, pages 354 et seq^The analogous compound in 
which the -SO a - linkage is replaced by a carbonyl linkage (i.e. -CO-) may be synthesised by the procedures described 
in EP-A-0 232 992 (ICI Pic). Other compounds embraced by formulae (VII) and (IX) may be synthesized by procedures 

""T an alternative embodiment of ihe process, the anion (VIII) may be obtained by reaction of the corresponding 
free hydroxy compound with a base (js.g. by reaction with the appropriate alkali metal hydroxide and removal of water) 
orior to the polycondensation or copolycondensation step. 

The polycondensation or copolycondensation step will generally be effected at a temperature in the range 
150-330"C. preferably 250-300°C. 

Comonomers which may preferably be used in step (a) are of the general formula X. XI. and XII 



so 




{] — 2' lqa> (X) 



55 
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I xj (xn) 

where 2 Z' Z' Z" Z" and Z"' are the same or different and are selected from hydroxyl groups and leaving groups 
.p^,,^ g-J^S units der.ed from these comono- 

*" ^ZliiTXoT^ZlprL solvent as commonly used tor substitution reactions, eg dimethyfformamide. 
vents which are substantially non-reactive under the reaction conditions may oe employee, y 

diPh S!, 6 Sil generally be effected at a temperature in the range 1SQ.-330-. preferabfy 250 --M0-C. 

Se SIS p (b?is mos^ conveniently effected using concentrated (95-1 00%) sulphuric acd most pref- 
.•JTttW Vutohurte iid Using coventrated sulphuric acid, sulphonation occurs cleanly 1" high yield without <tog- 
Sm T^X™ ™*< -Vf-* agents such as oleum, sulphur trioxide. or a sufphur tnox.de denvatrve 

• P ^!i!TJ B nm?as shown for sub-unit (I). The actual position of substitution in that ring will be determined 
5^ JE^^^S SreTn. Jor example. suV-ion of a polymer obtained by condensation of 

y * or n . formu ia /iv\ vields a polymer sulphonaied at the posilton shown for sub-unit (II). 

8 su,^ residue i, w, be apprecfcted that any desired level of suiphonat™ 

ot the polymer may be obtained by varying the proportion of comonomer units used In step (a) 

InS aLmative method of synthesis for polymers of formula (1) in which X = -OH, a compounc ^ ««™™» 
may inSalfy ^sulphonated to give th'e sulphonic ac Id derivative which can then be condensed, optionally with comon- 
35 omers as described above, to give lhje final polymer. onlvmars 
The abovedescrlbed procedures yield the free sulphonic acid form of the polymers (,.e. X = -OH)^ Such polyme* 
may then be converted into those in Which X = -CrM*- -N Rl R 2 or -ORa by procedures known in the art. *£" 
in which X = -O-M*. the free sulphonic acid form may be treated with a base mcorporating the M~ cat.on 
ffirM- represents an alkaii metal, the free sulphonic acid form of the polymer may be treated wrth -iMrt 
40 hydroxide eg NaOH or KOH. Polymers in which X = -NR, Ra may be obtained by convey of the free sulphonic 
addTm to?he ^responding pother suiphony. haiide (this converse may for example be effected j w,» thionyl 
chloride to obtain the sulphonyl chloride) followed by reaction with the corresponding arnme or alcohol. I [one BTR, 
and Rs is an ammonioalkylene group,then the free sulphonic acid may be reacted wrth a d,am.ne. *e free amine group 
of Sh TthTconvertVd to an ammonium group. The aforementioned polyether sufphony. hahdes are novel mter- 
45 mediates and are therefore providedjas a further aspect of the invention . 

.Tdesired. membranes produced rom powers in accordance with the invent on may be ^^^^ 
linked optional protected polyol as disclosed in WO 94/1 7S05. The polyol may for example be polyvmylalcohol and 

mav be protected by formaldehyde. . , 

The invention will be further described by way of example only with reference to the following non-Hmitrng examples. 



Example 1 



Polymer VII was synthesised In fwo stages, invotving first the polycondensation of monomer (IX) (12 50 mmol. Y 
= CI) with 4.4--dihydroxydiphenylsulp^one (18.75 mmol) and 4,4--dichlorodiphenylsulphone (1*96 mmol) .n the pres- 
ss ence ot potassium carbonate (25.5 mmol). The reactants were mixed with diphenyl sulphone £6 g) as sorvent. blan- 
ked Ima stow purge of dry nitrogen, and heated with stirring over 5 hours to 280- C After 30 «*^^ 
perature the viscous reaction mixture was cooled to room temperature and the resulting solid ^ «"^* ■*» 
powder. This was extracted successively with water and then methanol at reflux, and dried to give a 11.0 g of a copol- 
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P lymer VII (m=3n). having an inherent viscosity in NMP ' 098 dl • ^ re ^ etting of the porflS . 

A dry polysulphone ultratiltra.i n '"J-JJEJ^^ 'was coated uelngabead^oater 

m 2 -s) and a salt rejection of 95.9%. j 
Comparative Example 1 ; 

solution ol (m ^Jg™^, J, nuric acid 7o 25%). and water (4.75%). The membrane was 

S^rSSK SetS UoOppnTNaC 40 bar) the membrane gave a water f.ux ot 135 GFD 

^^toXSZZtb- «- — *• * *~ SUPeri ° r -* r6leCti0n Char " 

acteristics to one formed from polymer C in an otherwise Identical membrane. 
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Example 2 

P „ mola - ref >eated but using proportions ot monomers such that atter sutphonation the resutting Polymer 
V„ w h m = .sThaTan ton exchaj.ge^pacity of 1.25 meo/g. "me inherent viscosity ol ^J^J^J^ 
^ 23 d g-. A composite membrane prepared us*g this material, under the same cond.uons as those of Example 1 . 

«.»v «f a *7 rrvW-dav ds 29 x 1 0-s rrvVm 2 *) and a salt rejection of 92.7%. 

patent application PCT/GB94/001 98 , WO 94/1 7905), the salt rejection increased to 97.8% and the flux tell lo 2.29 nw 
m 2 *day (2.65 x 10 5 m 3 /m 2 .s). 

! 

Example 3 j 

Examole 1 was repeated but usL proportions of monomers such that after sulphonation the resulting Polymer 
VII SZ^Zd an P !on exchangKacTy of 0.74 meo/g. The hherent viscosity of this p*m« - NMP was 1^1 3 
di g-i A Tempore membrane prepaled using this material, under the same conditions as those of Example 1 , gave 
a water flux of 2.37 m^-day (274 |c 1 0* nr^/m 2 *) and a salt rejection of 96.8%. ^ 

On over-coating this membrane with formaldehyde -protected polyvinyl alcohol, as described in WO 94/17905 the 
salt rejection increased to 99.3% anc the flux fell to 1.0 m3/m 2 <iay (1.16 x 10*6 nttm**). 



Example 4 



chic rine 



This Example demonstrates 
A composite membrane prepared 
as described in WO 94/17905. The 
the flux was 0.1 3 m3/m 2 -day (1 .50 x 
a feed containing 50 ppm of active 
the membrane showed a rejection of 

Under the same conditions a 
(Dow-Filmtec FT-30) failed almost 



Claims 



, rio tolerance of a membrane based on a polymer of the invention: 
as In Example 1 was overcoated with formaldehyde-protected polyvinyl alcohol, 
silt rejection of the resulting membrane on 500 ppm NaCI at 4 bar was 93.5% and 
lo- 6 m 3 /m 2 s). This membrane was run in reverse-osmosis at 60 psi (4.1 bar) with 
(orine at an average pH of 8.0. After a total chlorine exposure of 38.000 ppm4irs 
92 7% and a flux of 0.11 m 3 /m 2 -day (1 .27 x lO* m 3 /m*.s). 

membrane whose separation layer comprised an aromatic poly amide 
in that its salt rejection fell from 94.4% to less than 20%. 



composite 
completely i 



An aromatic polyethersulphone incorporating the following sub-unit I. 
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where A is an e.actron withdrawing group, the designation <of represents that the bond is at the ortho or para 
position to the A group, and X is selected from; 
-OH; i 

1 2 noalkylene or am'monoalkylene groups; and 

OR 3 where R 3 is an aikyl or aryl group; 

either as the only sub-units jot the polymer or In combination with comonomer units. 
A polyethersulphone as claimed jn claim 1 wherein A is a carbonyl linkage (-CO-). 
A polyethersulphone as claimed in claim 1 wherein A is a sulphonyl linkage («Jr). 
A polyethersulphone as claimed jn any one of claims 1 to 3 wherein X is -OH. 

A polyethersulphone as claimed In any one ot Cairns 1 to 3 wherein X is <>(M-) 1/n wherein M is an alkali metal, 
alkaline earth metal or a higher vklency metal ion. 



35 7. 



40 



A po^ethersu.phone as claimed in any one ot daims 1 to 3 wherein X is -NB, R, wherein a. .east one ol R, and 
R 2 is other than hydrogen. j 

A polyethersulphone as claimed |n claim 4 wherein sub-unit (I) is ot the formula (II) 



(ID 




45 



A polyethersulphone as claimed!* any one of the preceding cbims additional* comprising comonomer units of 
the formula (III) or (IV) ' 



so 
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(III) 
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which A\ A° and A" represent the same or different electron withdrawing linkages. 



9. Apolyethersulpnoneasc^^ 

(-CO-) and sulphone (-S0 2 -) linkages. 

10 A po^ethersulphone as claimed h claim B or 9 wherein all bonds and subetituents for units of the formufc (III) and 
* (IV) are (on any one aromatic ring) in para relationship to each other. 



11. A polyethersulphone as claimed in any one 



of claims 8 to 10 wherein the comonomer units are of the formula (VI) 



25 



^5 





ivi) 



30 



12. A polyethersulphone as claimed in claim 11 which is of the formula (VII) 



35 




o p 



SO,H 



(VII) 



where the ratio of m:n is less than 10:1 . 
45 13. A polyethersulphone as claimed in claim 12 wherein the ratio of m:n is less than 4:1 . 

14. A polyethersulphone as claimed in any one of claims 1 to 7 incorporating comonomer units of the formula (V) 



so 
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CN 
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16. A prfyethersu.phone as claimed lj any one of claims 1 to 14 having a mo.ecu.ar weigh, ot 2000 to 100.000. 

16. A polyethersulphon as claimed ij, claim 15 having a molecular weight of 5000 to 50.000. 

s 17. Apory thersu.phone as claimed iany one o, cfcims 1 to 14 havinfl , an inherent «scos rt y as m 
centration of 1% in N-methylpyrrojidone at 25'C is in the range 0.3-5.0 dl v \ 

1a. A method of synthesising a polymer as claimed in claim 1 and tor which X = -OH comprising 

,o (a) potycondensing a monomjer containing an anion as represented by formula (VIII) 



40 



4S 



SO 



(vni) 



where A is an electron withdrawing linKage and Y is a leaving group either alone or in comb.nat.or . wrth at 
^as. one comonomer which s condensable therewith and which gives a l °'° d 
X?er unTt. said polycondepsation or copolycondensation being effected in a solvent for the monomer, and 
(b) sulphonating the resultanjt potymer. 
19. Amethodas claimed in claim 18 wherein the anion of formute (VIII) is generatedinstty during Copolycondensation 
25 or copolycondensation from a monomer of formula (Villa) 




HO-jf -«— F IT ]^|-yfo.p)(virio) 



where A and Y are as defined in tlaim 18. said polycondensatlon being effected in the presence of a base. 
35 20. A process as claimed in claim 19 conducted in the presence of a stoichiometric amount of the base. 

21. A process as claimed in claim isj or 20 wherein the base is an alkali melal carbonate or potassium fluoride. 

22. A method of synthesising a polyijner as claimed In claim 1 comprising 
(a) polycondensing a monomer containing Bn anion as represented by formula (Vlllb) 

i 

! 

A, 




S0o- 



where A is an electron withdrawing linkage and Y is a leaving group either atone or in combination with at 
least one comonomer which 1 is condensable therewith, said polycondensatlon or copolycondensat.on betng 
effected in a solvent for the monomer. 

« 23. A process as claimed In any one| of claims 1 8 to 22 wherein A is a carbonyl linkage (-CO-) or a sulphonyl linkage 
(-SO2-). j 
24. A process as claimed in any on? of claims 18 to 29 wherein Y is a hatogeno-or nitro- substituent. 
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Wherein the anion otf rmula (VIII) is of th formula (IX) in which Y is chlorine. 



(IX) 




10 26.Aprocessasc,a^^ 

(VIII) or (VHIb) with at least one comonomer ot the formula (X). (XI), and (XII) 



is 



20 



25 





(2OT 



35 



40 



45 



50 



55 



u^raz T Z- Z» Z" and Z-aris the same or different and are selected from hydroxy! groups and leaving groups 
Jreferably 'halogen atoms (eg cfWine)). and A', A" and A" are as defined hereinbefore. 

27 A orocess as claimed in claim 26 Wherein said copolyeondensation is effected with twocomonomers ol ^the formula 
S?^^SSS«^ of >he formula (X) being such that Z and Z are both leavng groups and the other 
comonomer of the formula (X) being such that Z and T are both hydroxy! groups. 

28 Aprocessascfaimedincto^Lr^^ 

' and the other comonomer of forrjiula <X) is 4.4'-dichlorodiphenylsulphone. 

29. A process as claimed in claim 2 j or 28 wherein the two comonomers (X) are used in substantially equally molar 
proportions. = 

30. A process as claimed in any onej of 18 to 29 wherein the solvent is a dipolar aprotic solvent. 

31 A process as claimed in claim aci wherein the solvent is selected from dimethylformamide. dimethylsulphoxide. N- 
methylpyrrolidone, sulpholane, dimethyl sulphone and diphenyl sulphone. 

32. A porous or a non-porous memtjrane comprising a polyethersulphone as claimed In any one of claims 1 to 17. 

33. A membrane as claimed in ctainj 32 which is an asymmetric membrane, composite membrane or dense film. 

34 Amemb ra neasclaimedinclaimi32or33adapt^ 

mterofittration. gas separation, p'ervaporation. haemodlalysis or haemofiltration. 
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i 



i of the polyethersulph no supported n an ultra- 



35. A membran as claimed in claim ?2 which compris s a thin film < 
filtration membrane. 

3e Am ^»«^^-i-c^a2 te a.a««^^.a----* dop«ona.,pro, ctedpo*o.. 

37. A separation process wnicn prises me use o, a membrane as c.aimed in any one o, Cairns 32 to 36 as »e 
separating medium. : 

38. An aromatic poiyelher sulphonyl halide ol the formula (XIII) 



— 0 




S0 2 Q 



20 



where A is as defined in claim 1 and Q is a halogen. 



25 



PatentansprOche 



1. Aromatisches Polyethersulfon, d$s die folgende Untereinhetl I 



30 



35 



AO 



AS 



60 



ss 



— o-r 




m 



i 

enthart in der A eine elektronenentziehende Gruppe darste.it. die Bezeichnung 'o.p' sich diS Bindung 

I ^ £r iS^h-iQ zur A-Gruppe bef indet, und X unter folgenden ausgewah.t wird. 

-OH: I 



-0-(M"*)i/„ 
-OR, 



wobei M ein organises Oder anorganisches Kation (bei dem es sich nicht urn Wasserstotf han- 
delt) darstellt unji n mindestens 1 betragt; 

wobei R, und Ri gleich oder verschieden sind und unter Wasserstoff und Alkyl-, Aryh Amlnoal- 
kylen- oder Amrjonoalkylengruppen ausgewahit werden; und 

wobei R 3 eine A|kyl- oder Arylgruppe darstellt; 
entweder ais einzige Untereinhe|ten des Polymers oder in Verbindung m» Comonornereinherten. 

2. Polyethersulfon nach Anspruch j , in dem A eine Carbonylbindung (-CO-) darstellt. 

3. Polyethersulfon nach Anspruch \ , in dem A eine Sulfonylbindung («V> darstellt. 

4. Polyethersulfon nach einem derjAnsprfiche 1 bis 3. in dem X -OH darstellt. 

, | » - . - w !c « i- riflm X -0-fM n+ ^ darstellt, wobei M ein Alkalimetall. Erd- 

5. Polyethersulfon nach etnem derjAnspruche 1 bis 3, in dem x Jim ™ 
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